Abstract
Background of the Study
The method of explaining and forecasting the future patterns of stock prices, the technical analysis, is started even before the 1800. Technical analysis is considered as one of the preliminary methods of investment analysis because stock prices and volume figures have been publicly available prior to any other types of financial information (Lenton, 2008) .The technicians or the chartists always believed that the history will bound to repeat in the market.
With that intention technicians used historical price and volume figures to predict about the market. They employed a number of charts, and diagrams to explain the market situations and market trends. Technical analysis is being extensively used by brokerage firms, foreign exchange dealers, investors, and commodities traders. The school of thought who believe that the price of stock is determine not only by previous price and volume data but also with the help of firm specific financial and macro level data, developed the Fundamental analysis to explain the stock prices. But still technicians emphasize the value of Technical analysis because of Accounting irregularities and scandals.
Throughout the period researchers documented the importance of technical analysis and its applicability in identifying profitable price patterns in many ways. Brock, Lakonishok, & LeBaron (1992) tested data obtained for two simple technical strategies on the Dow Jones Industrial Average from 1897 to 1986. All the trading strategies generated higher mean returns than the benchmark buy and hold returns, prior to transaction cost. Blume, Easley, & O'Hara (1994) documented a model to explain that the investors learn from both past prices and volume figures. They also showed that the traders who use information contained in market statistics perform better than those who do not. Their concluding remarks mentioned that the value of technical analysis may be more appropriate for small stocks rather than large stocks. Bessembinder & Chan (1998) confirmed the statistical significance of Brock et al. (1992) results but it lost the economic significance once they considered the transaction costs. showed that the success of the trading strategies declines sharply with an increase in firm size. Smaller stocks earned excess average monthly returns nearly two percent, even after adjusting for aggregate risk factors such as momentum, book-to-market, size, market, and liquidity.
It is difficult to overstate the importance of a stock market for a developing country. The primary benefits of a well functioning stock market can be stated as; a) mobilization of savings, b) fund term matching with efficient allocation of investment resources, and c) acceleration of economic growth. Share markets facilitate investors with excess funds to invest them in a profitable way as well as for companies to raise their capital requirements through shares, debentures and any other securities. In Sri Lanka these transactions are take place through Colombo Stock Exchange (CSE).
In recent decades emerging stock markets showed remarkable potential to catch the attention of global investors. Being an emerging stock market the potentiality of CSE was exceptional.
In October 2010, Bloomberg cited CSE as the world's best performing share market outshining its own previous stint as "world's second best bourse". This study attempts to find out the applicability of Technical trading strategies in a profitable manner to CSE. The conditions above also pertain to identification of the market as being well functioning or efficient. From the investors' point of view, they always expect a welldeveloped and efficient share market to invest their funds. Murphy (1999) defines "technical analysis is the study of market action, primarily through the use of charts, for the purpose of forecasting future price trends". According to this possibility of forecasting the future of security prices is acceptable. Researchers advocated in favor of efficient market hypothesis, emphasis the random walk nature of stock prices and reject the technical analysis and profitability of technical trading strategies. Alexander (1964) mentioned about the inability of certain filter strategies to generate abnormal profits after considering transaction costs. Further the findings of Fama & Blume (1966) confirmed the fact that the inability of generating superior results from filter rules relative to buy and hold strategies. James (1968) analyzed the forecasting power of common stocks listed on New York Stock Exchange from 1926 to 1960. The study considered two kinds of stock prices, one adjusted for dividends and other unadjusted for dividends and methodology applied for the study consisted with monthly unweighted moving average and exponentially smoothed moving average. The concluding remarks of the study rejected the ability of benefits to investors by using monthly moving average as a forecasting technique.
Review of Previous Studies
The scholarly article of Brock et al. (1992) changed the direction of thinking pattern related with technical trading strategies in forecasting the future stock price patterns. Their study used ninety years data series of Dow Jones Industrial Average (DJIA) from 1897 to 1986. All the stocks include in the DJIA are very actively traded and the problem of nonsynchronous trading is negligible. The study divide the full sample into four subsamples to compare the results within the sample period selected. Their methodology consists with moving averageoscillator and trading range break-out which are simple and most widely used technical trading rules by traders. Further they used bootstrap methodology to confirm the results obtain from moving averages and trading range brake-out rules. The conclusions of the study confirmed the predictive power of technical trading rules. Though the study endorsed the predictability of stock prices, they didn't concern about the profitability of technical trading rules after considering transaction costs in a costly trading environment. Hudson, Dempsey, & Keasey (1996) studied the applicability of technical trading strategies in to UK stock market. The study basically followed the method adopted by Brock et al. (1992) . They used Financial Times Industrial Ordinary Index data from 1935 to 1994. The index is calculated on the basis of thirty UK companies representing major manufacturing and service companies. This study further focused on the ability of earning excess returns through technical trading strategies in a costly trading environment. The study divided the total sample period in to four sub-periods to represent different economic regimes in the country. Results of the first two sub-periods provide significant outcomes but others were not. In contrast to this, none of the sub-periods reported by Brock et.al (1992) were significant. Although the returns from variable moving average rules are significantly different from buy and hold strategy and generating predictive ability, most of the significantly different returns were negative. This leads to the question of applicability of technical trading strategies as a profitable investment strategy and its sustainability. Further the study emphasis on the requirement of longer period for a better predictability. They concluded that the UK data do have some predictive ability with reference to technical trading strategies but the excess return is diluted due to costly trading environment.
In the study of Bessembinder & Chan (1995) assessed the predictability of stock prices in Asian markets through simple technical trading rules. The results of the study confirmed the predictive ability of technical trading rules in explaining price changes in Japan, Hong Kong, South Korea, Malaysia, Thailand, and Taiwan. Further their study explained the dilution of profitability due to inclusion of transaction costs. This study explained about the cross-market correlation in the signals produced by the technical rules and further elaborated the ability of applying the methodology used for developed markets and obtaining the same results. Bessembinder & Chan (1998) further investigated the explanation given by Brock et al. (1992) . They confirmed the results of Brock et al. but they pointed out that the outcome can consistent with the idea of market efficiency when considering transaction costs.
The study of Ratner & Leal (1999) examined the profitability of technical trading strategies in ten emerging markets in Latin America and Asia. The study used daily inflation adjusted returns from January 1982 to April 1995 and employed ten different variable moving average models and assessed through bootstrapping simulation. Further the study considered the data relating to U.S and Japan for the same time period with a view of comparing the results. The findings of the study confirmed that the ability of forecasting future price movements in profitable manner is not extensive. The study found five profitable strategies after considering transaction costs in Mexico and Taiwan, three strategies for Thailand, two strategies for Philippines, one for Brazil, Japan, Korea, and Malaysia and none for Argentia, Chile, India, and US.
The classical study of Bokhari, Cai, Hudson, & Keasey (2005) investigated the predictive ability and profitability of the technical trading strategies for different size companies. The study considered sample of 100 UK stocks from London stock exchange from January 1987 to July 2002. The 100 stocks sample consists of 33 randomly selected companies from the FTSE 100, 33 randomly selected companies from the FTSE 250, and 34 randomly selected companies from FTSE Small Cap. They concluded that the predictive ability of the technical trading strategies are higher with small capitalization companies but cannot be used in a profitable manner when appropriate transaction costs introduced. Metghaalchi et al. (2007) analyzed the daily index prices of the Australian stock market from January 1990 to May 2006. They computed daily returns as the change in logarithmic daily index data and used moving average strategies to study predictability and profitability of prices. The results of the study confirmed the hypothesis that technical trading strategies can outperform the buy-and-hold strategy and the ability of earning profits after considering break even transaction cost.
The research work of Gunasekarage & Power (2001) studied about the predictability of moving average rules in the South Asian stock markets. The study has selected four stock markets in India, Sri Lanka, Pakistan, and Bangladesh. Sample period of the study consists from 1990 to 2000. The study concluded with convincing evidences regarding the predictability of equity returns in these markets. Though the study mainly followed the methods adopted by Brock et al. (1992) and Hudsan et al. (1996) conclusions were contrast with them. Those US and UK studies found clear evidences for rising markets but this study does not find any evidence for upward trending markets. The based two studies emphasis the requirement of longer time period data in explaining predictive ability but this study used shorter time period data for explaining predictive ability. Finally, those two studies stressed that sell signals to be more powerful than buy signals in predicting future trends in share returns, while the study confirmed that importance of both buy and sell signals in predicting future trends. Pathirawasam and Kral (2012) examined the momentum effect in Colombo Stock Exchange from 1995 to 2008. Quarterly momentum strategies were formed taking all the voting stocks traded at CSE. The study found medium term momentum profits and momentum effect is stronger in the down-market stance than in the up-market stance.
All the market efficiency studies relating to CSE, except Gunasekarage & Power (1995) and Pathirawasam and Kral (2012) , used index return data. Gunasekarage & Power (1995) employed data relating to individual companies listed in CSE and concluded with the evidence confirming weak-form efficiency of the market. The significance of the results of their study is limited by the time period considered, it was only sixteen months. This vacuum is encouraging more research on employing individual company data for a longer time period. On the contrary, except Gunasekarage & Power (2001) all the other studies relating to efficiency of CSE applied the statistical tests to check the independence of returns. Only Gunasekarage & Power (2001) employed moving average strategy to test the weak-form efficiency. This void is also encouraging to use more technical trading strategies and moving average strategies in more detail to test the profitability on CSE.
Methodology of the Study
This study mainly based on the secondary data obtained from CSE. The study analyses the daily index closing prices of All Share Price Index (ASPI) from 2 nd January 1985 to 31st
December 2010, a total of twenty five years of daily closing prices, approximately 6208 data items. Daily index closing prices are converted to daily return figures using the following formula.
= ( ) − ( − )
The return on the day t (Rt) is calculated by deducting the log value of the index on day t-1(p t-1) from the log value on day t (pt).
Moving Average Strategies
The major analysis of this study employs the observation of returns for the technical trading strategies and compare with the returns earned by the simple buy-and-hold strategy. The present study use the moving average rules and trading range breakout rule employed by Brock et al. (1992) , Hudson et al. (1996) , and Bessembinder & Chan (1995 , 1998 .
The study considers two moving averages, one as short term moving average and the other as long term moving average. The simplest form of moving average strategy is to buy (sell) when the short-term moving average rises above (fall below) the long-term moving average.
When the short-term moving average penetrates the long-term moving average, a trend begins (Brock et al., 1992) . Traders make buy and sell decisions by comparing short-term moving average of a selected security with its long-term moving average. Brock et al. (1992) introduced a bandwidth to moving averages to avoid the whiplash signals generated from continues penetrations of two moving averages. The band introduced is a percentage difference between short and long term moving averages. This band will remove the whiplash signals and automatically reduce the number of buy and sell signals. When short-term moving average is within the band, such situation is identified as a natural signal (no signal is generated). This study tested the moving averages with 0% and 1%, bands.
To be with this rule an investor should buy (sell) at the closing price of the trading day immediately after the short-term moving average exceeds (fall below) the long-term moving average. Following the existing literature this study tested the VMA rule in CSE by comparing 1 day and 2 day short-term moving averages with 50, 100, 150, and 200 days long-term moving averages including a 0% and 1% bands. All together this study considered sixteen VMA rules.
The second version of the moving average rule is the fixed length moving average (FMA), which considers the returns for a fixed length time period. FMA focuses on the crossover of the long-term moving average by the short-term moving average. According to Brock et al. (1992) the FMA trading rule identifies a buy (sell) signal when the short-term moving average cuts the long-term moving average from below (above). Difference between VMA and FMA identified with referring to time period investors stay with each signal. Under FMA rule investors stay in the same position (buy or sell) for a fixed number of days, once a buy or sell signal is identified. In this study for testing FMA 1 day and 2 days short periods and 50, 100, 150, and 200 days long periods with 0% and 1%, bands are considered. All together it comes to sixteen FMA rules and throughout the study thirty two moving average rules tested with the available data from CSE.
Predictability of Technical Trading Strategies
Technical trading strategies are in a position to outperform the simple buy-and-hold strategy (Brock et al., 1992) . On average positive and negative returns generated from buy and sell signals are significantly different from the returned earned by a simple buy-and-hold strategy.
Following the similar methodology adapted in Brock et al. (1992) , this study analyzes the predictability of technical trading strategies. Technical trading strategies are considered to be effective if buy signals earn positive returns and sell signals earn negative returns, and are statistically significantly different from the returns earned by the unconditional buy-and-hold strategy.
Mean buy and sell returns are calculated by using the following formulas. 
= ( ) − ( − )
Two tailed t-test used to check the significance of the returns generated by the technical trading rules. This study employs the t-tests to test the mean buy returns, mean sell returns, and buy-sell differences. Following formula is used to check the mean buy and sell returns. Following two hypothesis are generated to compare the active strategies (buy and sell) with passive strategy (buy-and-hold),
H0:
The mean returns generated by technical trading strategies are equal to the returns generated by the buy-and-hold strategy.
H1:
The mean returns generate by technical trading strategies are not equal to the returns generated by the buy-and-hold strategy
The two-tailed t-statistics method employed in this study is used in the same manner by Brock et al. (1992) . The null hypothesis will be rejected when the value of the t-statistics is either sufficiently large or small.
Profitability of Technical Trading Strategies
The present study applied the "double or out" strategy used by Brock et al. (1992) and Chan (1995, 1998) Under the double or out strategy, Investors double their investment with a buy signal by borrowing funds at the risk-free rate and sell and invest in risk-free assets with a sell signal.
Conversely, the investors are assumed to hold the long position when there is neither a buy signal or sell signal. The logic behind this method is that the investors earn profits when they double their investment with a buy signal by staying in the rising market or bull market. On the other hand, they sell their investments with a sell signal and earn profits by leaving the declining stock market or bear market. The profit from leaving the market under a sell signal can be considered as a cost saving for not being in the declining market. This study assumes that the borrowing and lending rates prevailing in the market are same and the risk during the buy and sell periods are assumed to be the same. It is common to use a zero interest rate because of the complex differences between borrowing and lending rates, and the possibility of investors using arbitrage portfolios .
Without transaction costs, the excess return (π) generated by technical trading rules relative to a buy and hold strategy is given as follows,
Where, Ri -index return on day i Rj -index return on day j Above calculation will provide the excess return for the technical trading strategies before considering transaction cost. In a costly environment transaction cost is unavoidable; especially under technical trading strategies the number of transaction will increase on the buy and sell signals. According to the Bessembinder & Chan (1995 , 1998 ) the breakeven round-trip cost (C) is calculated as follows,
= +
Where nb and ns are the number of buy and sell signals generated in the time period considered.
The breakeven round-trip costs calculated here represent the costs needed to offset the additional returns from technical trading strategies (Bessembinder & Chan, 1998) . level. For the technical trading strategies to be successful the average buy returns must be positive and average sell returns must be negative, and are statistically significantly different from the unconditional buy-and-hold strategy (Brock et al. 1992 ).
Analysis of Moving Average Strategies
The fixed length moving average strategy considered the return of fixed ten days which starts with the crossing of two moving averages. This method identify the buy and sell signals by examining the crossing points of short and long moving averages, and the returns computed by using the price changes over ten days post signal holding period. Then theses returns are compared with the ten days unconditional mean returns. Gunasekarage & Power (2001) . These evidences suggest that the FMA strategies outperformed the VMA strategies in CSE for the time period considered under this study. (short, long, and band) . N(Buy) and N(Sell) are the number of buy and sell signals generated during the considered sample period. Numbers in parentheses are standard t-statistics using a two-tailed test. T-statistics value is greater than 2.576 indicates statistical significant at 1% level (indicated with ***), greater than 1.96 indicates statistical significant at 5% level (indicated with **), and greater than 1.64 indicates statistical significant at 10% level (indicated with *). (short, long, and band) . N (Buy) and N (Sell) are the number of buy and sell signals generated during the considered sample period. Numbers in parentheses are standard t-statistics using a two-tailed test. T-statistics value is greater than 2.576 indicates statistical significant at 1% level (indicated with ***), greater than 1.96 indicates statistical significant at 5% level (indicated with **), and greater than 1.64 indicates statistical significant at 10% level (indicated with *).
Excess Return and Profitability of Technical Trading Strategies
The profits of technical trading strategies mainly depend on 1) the trading strategy, 2) mean returns on buy days versus mean returns on sell days, and 3) the magnitude of transaction costs when the buy and sell positions are changed (Ratner & Leal, 1999) . Using "double or out" method present study has calculated additional returns (π) before transaction costs. Then compute the breakeven transaction costs and compared with the estimated actual transaction costs. 
Findings and Discussion
The main objective of the study is to test the profitability of the technical trading strategies after considering transaction costs. Referring to the objective, hypothesis one of the study mentioned that the breakeven transaction cost for technical trading strategy is greater than the estimated actual transaction cost. This study observed the profitability of technical trading strategies in CSE by using ASPI data. In the methodology part profitability is identified as returns from technical trading strategies in excess of unconditional buy-and-hold strategy after adjusting for transaction costs. Accordingly the estimated breakeven transaction costs are compared with estimated actual costs for ASPI. The results of the study revealed that the profits from the technical trading rules are impossible in CSE. The average breakeven costs across all VMA rules and FMA rules are less than the estimated actual transaction costs.
Although the moving average strategies are successful in forecasting stock price movements in overall market (using ASPI data), high transaction costs faded away the profit making opportunities for trading strategies. This indicates that the transaction costs are in a position to abolish technical trading profits. The technical trading strategies for ASPI are very much sensitive to the estimated actual transaction cost. Situation may be further aggravated if the study selects higher actual transaction cost instead of 0.825%. According to the above findings this study rejects the hypothesis one "the breakeven transaction cost for technical trading strategy is greater than the estimated actual transaction cost".
In addition to main objective the study is mentioned as to examine whether the technical trading strategies can predict the stock price movements in CSE and the second hypothesis "Buy (sell) signals earn positive (negative) returns and the mean daily buy and sell returns generated from the technical trading strategies are significantly different from the returns earns from unconditional buy-and-hold strategy" is formulated to achieve this objective.
According to the findings all sixteen VMA rules are statistically significant for ASPI data.
(Statistical significance of a rule is accepted if buy returns, sell returns, and buy sell differences are significant). Out of sixteen FMA rules on ASPI only two generates statistically significant results while most of the individual sell signals and buy sell differences generate significant results. Both significant results came from higher shortperiods (two days) with 1% band. At the same time all the buy signals generate positive returns for both VMA and FMA and all the sell signals generate negative returns except (1, 50, 0), (1, 50, 0.01) for FMA rules. Above results leads to accept the second hypothesis on VMA rules on ASPI data while results are not significant for FMA though they generated expected outcomes. This confirms that the VMA rules are in a position to predict stock price movements in CSE.
When all above results taken in to account, hypothesis two is accepted for VMA rules for entire market (ASPI index). Tough other trading strategy, FMA, generates results in line with the hypothesis they are not statistically significant.
Findings of the study lead to a main recommendation to government authorities. The government can exploit this situation for financial sector developments. Throughout last four decades, Sri Lankan governments have used interest rate as a benchmark to attract the general public into savings by increasing nominal interest rates. This effort was not welcome by general public, due to higher inflation rates which led to minus real interest rates (Aluthge, 2000) . This is one of the main reasons behind more local investors being attracted to the Sri Lankan share market. The stock market is still in a position to reduce its transaction costs further, without hampering the efficiency of the market. This probably would allure more and more domestic as well as global investors to endeavor investing in the Colombo share market, which in turn would maintain the momentum acquired in recent past.
Limitations of the study
The data series used in the study is not adjusted for the dividend payments. Colombo Stock Exchange started to calculate dividend adjusted return index from January 2004, so using that return index will avoid the employability of longer time period of data. On the other hand Brock et al. (1992) mentioned that the technical trading returns could not be distorted significantly with inclusion of dividends. The present study tested only two technical trading strategies which are commonly use by the market participants. But there are much more complex trading strategies uses by market participants which were not tested in this study.
Directions to Further Research Areas
This study analyze the data relating to market index, ASPI but testing of technical trading strategies in all sectors in CSE may be a good area study further. In addition to that analysis of individual company data may generate more different results and analysis of more complex technical trading strategies which were not test in this study will also be a good area for further research. 
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